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We investigate the chemical-potential (µ) dependence of static-quark free energies in both the real and imagi-
nary µ regions, performing lattice QCD simulations at imaginary µ and extrapolating the results to the real µ re-
gion with analytic continuation. Lattice QCD calculations are done on a 163×4 lattice with the clover-improved
two-flavor Wilson fermion action and the renormalization-group improved Iwasaki gauge action. Static-quark
potentials are evaluated from the Polyakov-loop correlation functions in the deconfinement phase. As the ana-
lytic continuation, the potential calculated at imaginary µ = iµI is expanded into a Taylor-expansion series of
iµI/T up to 4th order and the pure imaginary variable iµI/T is replaced by the real one µR/T . At real µ, the
4th-order term weakens µ dependence of the potential sizably. At long distance, all of the color singlet and non-
singlet potentials tend to twice the single-quark free energy, indicating that the interactions between static quarks
are fully color-screened for finite µ. For both real and imaginary µ, the color-singlet qq¯ and the color-antitriplet
qq interaction are attractive, whereas the color-octet qq¯ and the color-sextet qq interaction are repulsive. The
attractive interactions have stronger µ/T dependence than the repulsive interactions. The color-Debye screen-
ing mass is extracted from the color-singlet potential at imaginary µ, and the mass is extrapolated to real µ by
analytic continuation. The screening mass thus obtained has stronger µ dependence than the prediction of the
hard thermal loop perturbation theory at both real and imaginary µ.
PACS numbers: 11.15.Ha, 12.38.Gc, 12.38.Mh, 25.75.Nq
I. INTRODUCTION
Recent relativistic heavy-ion collision experiments have re-
vealed various properties of QCD, suggesting the realization
of the QCD phase transition from the hadronic phase to the
quark gluon plasma (QGP) phase [1], although no clear ev-
idence of the transition is presented yet. Meanwhile, lattice
QCD (LQCD) simulations provide very precise information
on QCD particularly at finite temperature (T ) and small quark-
number chemical potential (µ), although LQCD simulations
have the serious sign problem at large µ/T ; see for example
Ref. [2]. The LQCD simulations are complementary to the
experiments, since the former is suitable to understand static
properties of QCD and the latter is to investigate dynamical
properties of QCD.
Finite-density calculations in LQCD are affected by the
well-known sign problem, that is, the fermion determinant
detM(µ) becomes complex for finite µ and thus prohibits the
use of conventional numerical algorithms. In order to avoid
the sign problem, several approaches have been proposed so
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far [2, 3]. One is the imaginary chemical potential approach.
For pure imaginary chemical potential (µ = iµI), the fermion
determinant is real, so that LQCD simulations become feasi-
ble. Observables at real µ are extracted from those at imagi-
nary µ with analytic continuation.
In the imaginary µ region, QCD has two characteristic
properties, the Roberge-Weiss (RW) periodicity and the RW
phase transition [4, 5]. The QCD grand partition function has
a periodicity of 2pi/Nc in µI/T :
Z
(µI
T
)
= Z
(
µI
T
+
2pik
Nc
)
(1)
for integer k and the number of color Nc = 3. This is
called the RW periodicity. Roberge and Weiss also showed
that a first-order phase transition occurs at T ≥ TRW and
µ/T = ipi/Nc. This is named the RW phase transition, and
TRW is slightly larger than the pseudo-critical temperatureTpc
of the deconfinement transition at zero µ. These features are
remnants of ZNc symmetry in the pure gauge limit. The order
parameter of the RW phase transition is a C-odd quantity such
as the phase of the Polyakov loop [6], where C means charge
conjugation. These properties are confirmed by LQCD simu-
lations [7–12].
The free energies between two static quarks are fundamen-
tal quantities to understand medium effects in QGP. For exam-
ple, the color-Debye screening mass is the inverse of the range
of the color-singlet potential determined from the free ener-
gies. The potential largely affects the behavior of heavy-quark
bound states such as J/Ψ and Υ in QGP created at the center
2of heavy-ion collisions [13]. In LQCD, the static-quark poten-
tial is evaluated from the Polyakov-loop correlation function.
For zero chemical potential, T dependence of the static-quark
potential was investigated by quenched QCD [14–16] and
full QCD with staggered-type [17] and Wilson-type quark ac-
tions [18–20]. For small µ/T , it was analyzed by the Taylor-
expansion method with staggered-type [21] and Wilson-type
quark actions [22]. In the analysis [22], the expansion coeffi-
cients are taken up to 2nd order of µ/T .
In this paper, we investigate µ dependence of static-quark
free energies and the color-Debye screening mass in both the
imaginary and real µ regions, performing LQCD simulations
at imaginary µ with standard numerical algorithms and ex-
trapolating the result to the real µ = µR region with analytic
continuation. LQCD simulations are done on a 163 × 4 lat-
tice with the clover-improved two-flavor Wilson fermion ac-
tion and the renormalization-group (RG) improved Iwasaki
gauge action. We consider two temperatures above Tpc, i.e.,
T/Tpc = 1.20 and 1.35. Following the previous LQCD
simulation [22] at small µ/T , we compute static-quark free
energies along the line of constant physics at mPS/mV =
0.80. This corresponds to considering an intermediate quark
mass. As the analytic continuation, the static-quark potential
at imaginary µ = iµI is expanded into a Taylor-expansion se-
ries of iµI/T and pure imaginary variable iµI/T is replaced
by real one µR/T .
In the present work the Taylor-expansion coefficients of the
static-quark potential are evaluated up to 4th order, whereas
the coefficients were computed up to 2nd order in Ref. [22]. It
is found that the 4th-order term yields non-negligible contri-
butions to µ dependence of the static-quark potentials at real
µ. At long distance, all of the color singlet and non-singlet
potentials tend to twice the single-quark free energy, indicat-
ing that the interactions between static quarks are fully color-
screened. Although this property is known for finite T and
zero µ [19], the present work shows that the property persists
also for finite µ. For both real and imaginary µ, the color-
singlet qq¯ and the color-antitriplet qq interaction are attrac-
tive, whereas the color-octet qq¯ and the color-sextet qq inter-
action are repulsive. The attractive interactions become weak
as (µ/T )2 increases, whereas the repulsive interactions little
depend on µ. The color-Debye screening mass at imaginary
µ is extracted from the color-singlet potential there. The mass
at real µ is extrapolated from the mass at imaginary µ by an-
alytic continuation, i.e., by expanding the mass at imaginary
µ into a power series of iµI/T up to 2nd order and replacing
iµI by µR. The (µ/T ) dependence of the screening mass is
found to be stronger than the prediction of the hard thermal
loop perturbation theory (HTLpt).
This paper is organized as follows. Section II presents the
lattice action and the definition of static-quark free energies.
In Sec. III, we show simulation parameters and numerical
results for the Polyakov loop and the static-quark free ener-
gies in the color-singlet, -octet, -antitriplet and -sextet chan-
nels. We also extract the color-Debye screening mass from
the color-singlet potential and compare it with the results of
the hard thermal loop perturbation theory. Section IV is de-
voted to a summary.
II. LATTICE FORMULATION
A. Lattice action
We use the RG-improved Iwasaki gauge action Sg [23] and
the clover-improved two-flavor Wilson quark action Sq [24]
defined by
S = Sg + Sq, (2)
Sg = −β
∑
x
(
c0
4∑
µ<ν;µ,ν=1
W 1×1µν (x)
+c1
4∑
µ6=ν;µ,ν=1
W 1×2µν (x)
 , (3)
Sq =
∑
f=u,d
∑
x,y
ψ¯fxMx,yψ
f
y , (4)
where β = 6/g2, c1 = −0.331, c0 = 1− 8c1, and
Mx,y = δxy − κ
3∑
i=1
{(1− γi)Ux,iδx+iˆ,y + (1 + γi)U †y,iδx,y+iˆ}
−κ{eµ(1− γ4)Ux,4δx+4ˆ,y + e−µ(1 + γ4)U †y,4δx,y+4ˆ}
−δxycSWκ
∑
µ<ν
σµνFµν . (5)
Here κ is the hopping parameter, µ is the quark chemical
potential in lattice unit, and Fµν is the lattice field strength,
Fµν = (fµν − f †µν)/(8i) with fµν the standard clover-shaped
combination of gauge links. For the clover coefficient cSW,
we adopt a mean field value using W 1×1 calculated in the
one-loop perturbation theory [23] : cSW = (W 1×1)−3/4 =
(1 − 0.8412β−1)−3/4. We denote the spatial and temporal
lattice size as Ns and Nt, respectively. At µ = 0, a value of
κ is determined for each β along the line of constant physics
with mPS/mV = 0.80 obtained in Ref. [20, 25, 26].
B. Static-quark free energies
The Polyakov loop is defined as
L(x) =
Nt∏
t=1
U4(x, t) (6)
with link variables Uµ ∈ SU(3). At imaginary µ, the ensem-
ble average of the Polyakov loop becomes a complex number,
〈TrL(0)〉 ≡ Φeiθ . The modulus is related to the single-quark
free energy Fq as
Φ = e−Fq/T . (7)
The modulus and phase, Φ and θ, are the order parameters of
the confinement/deconfinement and RW phase transitions [6],
respectively. After taking an appropriate gauge fixing, one can
3derive the static-quark free energies (potentials) VM of color
channel M from the Polyakov-loop correlators [27, 28]:
e−V1(r,T,µ)/T =
1
3
〈TrL†(x)L(y)〉, (8)
e−V8(r,T,µ)/T =
1
8
〈TrL†(x)TrL(y)〉
− 1
24
〈TrL†(x)L(y)〉, (9)
e−V6(r,T,µ)/T =
1
12
〈TrL(x)TrL(y)〉
+
1
12
〈TrL(x)L(y)〉, (10)
e−V3∗ (r,T,µ)/T =
1
6
〈TrL(x)TrL(y)〉
−1
6
〈TrL(x)L(y)〉, (11)
where r = |x− y| and the subscripts M = (1, 8, 3∗, 6) mean
the color-singlet, -octet, -antitriplet and -sextet channels, re-
spectively. We adopt both the Coulomb gauge fixing and the
Landau gauge fixing. As shown in Sec. III, however, the lat-
ter breaks the RW periodicity of VM , whereas the former pre-
serves it. We then mainly use the Coulomb gauge fixing in
this paper.
For the color-singlet potential V1(r), the corresponding
Polyakov-loop correlator is 1 at r = 0, and hence V1(0) =
0. For the color non-singlet potentials, the corresponding
Polyakov-loop correlators are not 1 at r = 0. Therefore, the
color-singlet potential tends to a common value independent
of T and µ in the short-distance limit, but the color non-singlet
potentials do not. These properties will be shown explicitly in
Sec. III.
In general, the VM (M = 1, 8, 3∗, 6) are complex at finite
imaginary µ. The real part of VM is C-even and the imaginary
part is C-odd. This can be easily understood by expandingVM
into a power series of iµI/T :
VM (r, T, µI)
T
= v0(r) + iv1(r)
(µI
T
)
+ v2(r)
(µI
T
)2
+iv3(r)
(µI
T
)3
+ v4(r)
(µI
T
)4
, (12)
where we consider terms up to 4th order. The potential VM at
real µ is obtained from that at imaginary µ by analytic contin-
uation, i.e., by replacing iµI/T by µR/T :
VM (r, T, µR)
T
= v0(r) + v1(r)
(µR
T
)
− v2(r)
(µR
T
)2
−v3(r)
(µR
T
)3
+ v4(r)
(µR
T
)4
. (13)
The WHOT-QCD Collaboration calculated the Taylor-
expansion coefficients of VM up to 2nd order by using the
Taylor-expansion method and the reweighting technique with
the Gaussian approximation for the distribution of the com-
plex phase of the quark determinant [22]. In this work, mean-
while, we obtain the coefficients up to 4th order from VM at
imaginary µ by expanding it as in (12). As shown in Sec. III,
the v2(r) thus obtained is consistent with the results (ref. [22])
calculated directly with the Taylor-expansion method, and the
v4(r) yields non-negligible contributions to µR dependence
of VM . We do not adopt the definition of the renormalized
Polyakov-loop correlators that are adjusted the absolute value
as discussed in Ref. [29]. However, our approach is adequate
to investigate the dependence of the static-quark potentials on
µ, since the lattice spacing a is common for each µ. The renor-
malization procedure thus changes only v0, but not v2 and v4.
III. NUMERICAL RESULTS
The Hybrid Monte-Carlo algorithm is used to generate full
QCD configurations with two-flavor dynamical quarks. The
simulations are performed on a lattice of either N3s × Nt =
123×4 or 163×4. The step size of the molecular dynamics is
δτ = 0.01 and the step number of the dynamics is Nτ = 100.
The acceptance ratio is more than 95%. We generated 16,000
trajectories and removed the first 1,000 trajectories as ther-
malization for all the parameter set. We measured the static-
quark potential at every 100 trajectories. The relation of pa-
rameters κ and β to the correspondingT/Tpc is determined in
Ref. [20, 25, 26]; see Table I for the relation.
Ns κ β T/Tpc µI/T
12 0.140070 1.85 0.99(5) 0 ∼ pi/3
0.138817 1.90 1.08(5) 0 ∼ pi/3
0.137716 1.95 1.20(6) 0 ∼ 1.10
0.136931 2.00 1.35(7) 0 ∼ 1.10
16 0.137716 1.95 1.20(6) 0 ∼ 1.20
0.136931 2.00 1.35(7) 0 ∼ 1.20
TABLE I: Summary of the simulation parameter sets determined in
Ref. [20, 25, 26]. Tpc is the pseudocritical temperature at µ = 0. In
this parameter setting, the lattice spacing a is about 0.14 ∼ 0.2 fm.
A. Polyakov loop
First we investigate the behavior of the expectation value of
the Polyakov loop, 〈TrL(0)〉 ≡ Φeiθ , at finite imaginary µ.
Figures 1 and 2 show µI/T dependence of Φ and θ, respec-
tively, and panels (a) and (b) correspond to results of 123 × 4
and 163 × 4 lattices, respectively. For both the lattice sizes, Φ
as a C-even quantity has a cusp and θ as a C-odd quantity has
a jump from 0 to −2pi/3 at µI/T = pi/3, when T/Tpc = 1.2
and 1.35. These properties are characteristic of the RW phase
transition [5], and the critical endpoint TRW of the RW phase
transition is located at 1.08Tpc < TRW < 1.2Tpc. Obviously,
an order parameter of the transition is a C-odd quantity [6].
The modulus Φ as a C-even quantity is mirror symmetric with
respect to the line of µI/T = pi/3. This is a result of the
RW periodicity Φ(µI/T ) = Φ(µI/T +2pi/3) and C-evenness
Φ(µI/T ) = Φ(−µI/T ).
For T/Tpc = 1.08, Φ rapidly decreases as µI/T increases,
4indicating that the system is in the deconfinement phase at
small µI/T but in the confinement phase near µI/T = pi/3.
At T/Tpc = 1.20 and 1.35, the system is always in the decon-
finement phase, and calculated results agree with each other
between 123 × 4 and 163 × 4 lattice sizes. This indicates
that the 163 × 4 lattice is large enough. We then calculate the
static-quark potential at T/Tpc = 1.20 and 1.35 on a 163 × 4
lattice.
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Fig. 1: µI/T dependence of Φ at various values of T for (a) a 123 × 4 lattice and (b) a 163 × 4 lattice.
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
 0
 0.1
 0  0.2  0.4  0.6  0.8  1
θ/
pi
µI/T
(a)
T/Tpc=1.35
T/Tpc=1.20
T/Tpc=1.08
T/Tpc=0.99
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
 0
 0.1
 0  0.2  0.4  0.6  0.8  1  1.2
θ/
pi
µI/T
(b)
T/Tpc=1.35
T/Tpc=1.20
Fig. 2: µI/T dependence of θ at various values of T for (a) a 123 × 4 lattice and (b) a 163 × 4 lattice.
B. qq¯ potential
At imaginary µ, the qq¯ potentials, VM (M = 1, 8), are
C-even and hence real. Meanwhile, the qq potentials, VM
(M = 3∗, 6), are not C-even and consequently becomes com-
plex. We then consider the real part of VM for all the color
channels.
Figure 3 shows the color-singlet potential V1(r) at T/Tpc =
1.20 based on (a) the Coulomb and (b) the Landau gauge fix-
ing. The potential has a small imaginary component com-
ing from numerical errors in actual calculations, but it is ne-
glected here. Here imaginary chemical potential is varied
from µI/T = 0 to 1.2. As mentioned in Sec. III A, C-even
quantities such as VM are mirror symmetric with respect to the
line µI/T = pi/3. This property is satisfied for the Coulomb
gauge fixing, but not for the Landau gauge fixing; compare
results of µI/T = 0.9 (1.0) with those of µI/T = 1.2
(1.1). This result is natural, because the Coulomb gauge con-
dition is invariant under the Z3 transformation, but the Landau
gauge condition is not. For this reason, hereafter, we take the
Coulomb gauge fixing.
Now we evaluate v2(r) and v4(r) from V1(r) at imaginary
µ by expanding it as in (12), and compare the original value of
V1(r) with the value of the right-hand side of (12) in order to
investigate the accuracy of the expansion. The relative error
between the two values is less than 0.5 %, indicating that the
expansion is highly accurate. Those coefficients are shown in
Fig. 4; see Tables II and IV in Appendix A for the numerical
data. The ratio v4(r)/v2(r) is about 3/4 for T/Tpc = 1.20
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Fig. 3: µI/T dependence of the color-singlet qq¯ potential at T/Tpc = 1.20 based on (a) the Coulomb and (b) the Landau gauge fixing.
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Fig. 4: Taylor-expansion coefficients, v2(r) and v4(r), of V1(r) at (a) T/Tpc = 1.20 and (b) T/Tpc = 1.35. See Tables II and IV in
Appendix A for the numerical results. In panel (b), the triangles denote the results of the Taylor-expansion method in Ref. [22].
and about 1/4 for T/Tpc = 1.35. The contribution of v4(r)
to V1(r) is thus significant near Tpc such as T/Tpc = 1.20.
Even at higher T such as T/Tpc = 1.35, the contribution is
not negligible. Our data and the previous ones estimated by
the Taylor-expansion method in Ref. [22] are plotted on the
panel (b) in Fig. 4, for a comparison. It is found that both data
are consistent within error bars.
Figure 5 shows the color-singlet potential at imaginary and
real µ for (a) T/Tpc = 1.20 and (b) T/Tpc = 1.35. The
potential V1(r) at real µ is extracted by replacing iµI/T by
µR/T in the Taylor-expansion series up to 4th order. The
chemical potential is varied from (µ/T )2 = −1.0 to 1.0. In
this study, the lattice spacing a is common to all µ for each
T , so one can compare VM between different values of µ/T
without additional adjustments to the short distance [17, 19].
The potential V1(r) tends to a common value independent of
µ/T as r decreases. Similar behavior is also seen for temper-
ature dependence in Ref. [19].
The potential V1 is C-even, so that v1(r) = v3(r) = 0.
Furthermore, if v4(r) = 0, the potential V1/T will linearly
depend on (µ/T )2. For T/Tpc = 1.20, v4(r) is comparable
to v2(r). For this property, in panel (a) of Fig. 5, µ/T depen-
dence of V1/T is much weaker at real µ than at imaginary µ.
In panel (b) of T/Tpc = 1.35, the expansion coefficient v4(r)
is still non-negligible compared with v2(r), so that V1/T has
still weaker µ/T dependence at real µ than at imaginary µ.
As an estimate of the accuracy of the Taylor-expansion se-
ries up to 4th order, we assume that the expansion series is
reliable when the magnitude of the 4th-order term is less than
10% of the total potential V1. We have numerically confirmed
that this condition is satisfied at µR/T <˜ 1.2 for T/Tpc = 1.20
and at µR/T <˜ 1.4 for T/Tpc = 1.35. The analytic continu-
ation of V1 from imaginary µ to real µ may thus be valid at
least up to µ/T = 1.2.
The same analysis is made in Fig. 6 for the color-octet po-
tential V8(r)/T ; see Tables II and IV in Appendix A for nu-
merical data on the Taylor-expansion coefficients, v2(r) and
v4(r), of V8(r). The potential has a small imaginary compo-
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Fig. 5: µ/T dependence of the color-singlet qq¯ potential for (a) T/Tpc = 1.20 and (b) T/Tpc = 1.35.
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Fig. 6: µ/T dependence of the color-octet qq¯ potential for (a) T/Tpc = 1.20 and (b) T/Tpc = 1.35 .
nent coming from numerical errors in actual calculations, but
it is neglected here. When µ/T is varied, the potentials are
different in magnitude, but similar in r dependence. There-
fore, the interaction −d(V8/T )/d(r/a) has weak µ/T depen-
dence. Unlike the color-singlet potential V1(r), the color-octet
potential V8(r) does not tend to a common value independent
of µ/T , as r decreases. Meanwhile, the magnitude decreases
monotonically as (µ/T )2 increases from -1 to 1. Again, µ/T
dependence of the magnitude is weaker at real µ than at imag-
inary µ, because v4 is non-negligible.
For the case of T > Tpc and µ = 0, the potentials
VM (r) are known to tend to twice the single-quark free en-
ergy 2Fq(T, µI) in the limit of large r [19]. This behavior per-
sists also for finite µ. The interactions between static quarks
are thus color screened also for finite µ. Following the pre-
vious works [15, 16, 19, 20, 22], we then subtract 2Fq(T, µI)
from VM (r). This subtracted static-quark potentials are con-
venient to see properties of the corresponding interactions
−d(VM/T )/d(r/a). The subtracted static-quark potentials
are shown in Fig. 7(a) for the color-singlet and -octet channels.
The singlet interaction is attractive, while the octet interaction
is repulsive. In perturbation, the color-channel dependence
comes from the Casimir factor CM ≡ 〈
∑8
a=1 t
a
1 · ta2〉M for
channel M , i.e.,
C1 = −4
3
, C8 =
1
6
, C6 =
1
3
, C3∗ = −2
3
. (14)
The subtracted potentials are then divided by the absolute val-
ues of the corresponding Casimir factors in order to extract
non-perturbative properties from them. As shown in Fig. 7(b),
even after the normalization, the singlet interaction is stronger
than the octet one, and the former has larger µI/T dependence
than the latter.
C. qq potential
Figures 8 and 9 show the real parts of the color-sextet and
-antitriplet qq potentials, respectively, for (a) T/Tpc = 1.20
and (b) T/Tpc = 1.35. We tabulate numerical data on the
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Fig. 7: µI/T dependence of the subtracted qq¯ potentials in the color-singlet and -octet channels at T/Tpc = 1.20. The potentials are divided
by the absolute values of the corresponding Casimir factors in panel (b). Such a normalization is not taken in panel (a).
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Fig. 8: µ/T dependence of the real part of the color-antitriplet qq potential for (a) T/Tpc = 1.20 and (b) T/Tpc = 1.35 .
Taylor-expansion coefficients in Tables III and V of Appendix
A. Again, the potentials tend to twice the single-quark free
energy at large distance, indicating that the color screening
takes place also for these non-singlet channels, even if µ is
finite. Now twice the single-quark free energy are subtracted
from the potentials. The results are shown in Fig. 10(a). The
antitriplet interaction is attractive, while the sextet interaction
is repulsive, as expected from perturbation. In Fig. 10(b),
the potentials are divided by the absolute values of the cor-
responding Casimir factors. Even after the normalization, the
attractive antitriplet interaction is stronger than the repulsive
sextet interaction, and the former has stronger µI/T depen-
dence than the latter.
D. Color-Debye screening mass
In order to analyze the color screening effect, we fit the
static-quark potential to the screened Coulomb form
VM (r, T, µ) = CM
αeff(T, µ)
r
e−mD(T,µ)r, (15)
where αeff and mD(T, µ) are the effective running coupling
and the Debye screening mass, respectively. We first focus our
discussion on the color-singlet channel that is most important
in the real world. Since V1 = 0 in the limit of large r in (15),
we extract the screening mass from the subtracted static-quark
potential. Following the previous work [20], we choose a fit
range of
√
11 ≤ r/a ≤ 6.0.
The color-Debye screening mass is calculable with the hard
thermal loop perturbation theory (HTLpt). In leading-order
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Fig. 9: µ/T dependence of the real part of the color-sextet qq potential for (a) T/Tpc = 1.20 and (b) T/Tpc = 1.35 .
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(LO), mD is obtained [30] by
mD(T, µ)
T
= g2l(ν)
√(
1 +
Nf
6
)
+
Nf
2pi2
(µ
T
)2
(16)
with the 2-loop running coupling g2l given by
g−22l (ν) = β0 ln
( ν
Λ
)2
+
β1
β0
ln ln
( ν
Λ
)2
, (17)
where the argument in the logarithms is rewritten into ν/Λ =
(ν/T )(T/Tpc)(Tpc/Λ) with Λ = Λ
Nf=2
M¯S
≃ 261 MeV [31]
and Tpc ≃ 171 MeV [25], and the renormalization point ν is
assumed to be ν = 2pi
√
T 2 + µ2/pi2 [32]. Beyond LO, mD
was evaluated in next-to next-to leading-order (NNLO) [33]
by the Braaten-Nieto prescription [34] that is the effective-
field-theory approach based on “dimensional reduction”.
In Fig. 11, the screening mass is plotted as a function of
(µ/T )2 at T/Tpc = 1.20. The lattice results (crosses) are
compared with the LO and NNLO HTLpt results of Refs.
[30, 33] at ν = 2pi
√
T 2 + µ2/pi2. In both LO and NNLO,
mD has weak µ dependence.
Figure 12 shows the (µ/T )2 dependence of mD for (a)
T/Tpc = 1.20 and (b) T/Tpc = 1.35. The lattice-simulation
results are plotted by the cross symbols. It is not easy to de-
termine mD from the static-quark potential at large r, since
the potential has weak r dependence there. As a result of this
problem, the resultantmD is a bit scattered as a function of µ.
The screening mass is then expanded up to 2nd order of µ/T :
mD
T
= a0(T ) + a2(T )
(µ
T
)2
, (18)
where note that mD is C-even and hence it has no linear term
of µ/T . The coefficients, a0(T ) and a2(T ), are determined
from the mD at imaginary µ with the χ2 fitting:
mD
T
= (4.41± 0.34) + (1.15± 0.60)
(µ
T
)2
(19)
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Fig. 11: Comparison of lattice results with HTLpt results for mD
as a function of (µ/T )2 at T/Tpc = 1.20. The crosses denote the
results of the present lattice simulations at imaginary µ, whereas the
circle is the result of the previous lattice simulations at µ = 0 [20].
The dotted and solid lines are the HTLpt results in LO and NNLO at
ν = 2pi
√
T 2 + µ2/pi2, respectively.
for T/Tpc = 1.20 and
mD
T
= (3.94± 0.25) + (0.58± 0.44)
(µ
T
)2
(20)
for T/Tpc = 1.35. The screening mass at real µ is extrapo-
lated from that at imaginary µ by using (18). The results of
the extrapolation, denoted by the hatching area, are consistent
with the previous LQCD result, shown by the circle symbol,
at µ = 0 [20] for both T/Tpc = 1.20 and 1.35.
In Fig. 12, the dashed and solid lines denote the results
of NNLO HTLpt calculations at ν = pi
√
T 2 + µ2/pi2 and
4pi
√
T 2 + µ2/pi2, respectively. Comparing the hatching area
with the dashed and solid lines, one may see that the LQCD
results have stronger µ/T dependence than the prediction of
the HTLpt.
In principle the same analysis is possible for the non-singlet
channels, but in practice the color-Debye screening masses
derived from the octet and sextet potentials have large er-
rors since the magnitudes of the potentials are small. We
then consider only the antitriplet channel and draw the lattice-
simulation results with cross symbols in Fig. 13. The χ2 fit-
ting to the lattice results at imaginary µ yields
mD
T
= (3.90± 0.35) + (0.79± 0.72)
(µ
T
)2
(21)
for T/Tpc = 1.20 and
mD
T
= (4.12± 0.28) + (0.58± 0.51)
(µ
T
)2
(22)
for T/Tpc = 1.35. Results of the extrapolation (the hatching
area) are consistent with the previous LQCD result (the cir-
cle symbol) at µ = 0 [20] for both cases of T/Tpc = 1.20
and 1.35. Magnitudes and µ/T dependences of the screening
masses thus obtained are similar to each other between the sin-
glet and antitriplet channels. The screening masses increase as
µ increases and the µ dependence is stronger than the predic-
tion of the perturbation theory. The numerical values of the
color-Debye screening masses are tabulated in Tables VI and
VI of Appendix A.
IV. SUMMARY
We have investigated µ dependence of the static-quark free
energies (potentials) and the color-Debye screening mass in
both the imaginary and real µ regions, performing LQCD
simulations at imaginary µ and extrapolating the result to the
real µ region with analytic continuation. LQCD calculations
are done on a 163 × 4 lattice with the clover-improved two-
flavor Wilson fermion action and the renormalization-group
improved Iwasaki gauge action. We took an intermediate
quark mass and considered two cases of T/Tpc = 1.20 and
1.35.
The static-quark potential at real µwas obtained by expand-
ing the potential at imaginary µ into a Taylor-expansion series
of iµI/T up to 4th order and replacing iµI to µR. Since the
expansion series was taken only up to 2nd order in the pre-
vious analysis [22], this is the first analysis that investigates
contributions of the 4th-order term to the potential. We found
that at real µ the 4th-order term weakens µ dependence of the
potential sizably. This effect becomes more significant as T
decreases toward Tpc.
We have also investigated color-channel dependence of the
static-quark potentials. At large distance, all the potentials
tend to twice the single-quark free energy, indicating that the
interactions are fully color screened. Although this property
is known for finite T and zero µ [19], the present analysis
shows that the property persists also for finite µ. For both real
and imaginary µ, the color-singlet qq¯ and the color-antitriplet
qq interaction are attractive, whereas the color-octet qq¯ and
the color-sextet qq interaction are repulsive. These interac-
tions are divided by the absolute values of the corresponding
Casimir factors in order to extract non-perturbative properties
from them. Even after the normalization, the attractive inter-
actions are stronger than the repulsive interactions, and the
former interactions have stronger µ/T dependence than the
latter ones.
The color-Debye screening mass is evaluated from the
color-singlet potential at imaginary µ. The screening mass
thus obtained at imaginary µ is extrapolated to real µ by ex-
panding the mass at imaginary µ into a power series of iµI/T
up to 2nd order and replacing iµI/T by µR/T . The resulting
mass has stronger µ dependence at both imaginary and real µ
than the HTLpt prediction.
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Appendix A: Data lists of the Taylor-expansion coefficients of
the static-quark potential and the color-Debye screening mass
Tables II-V show data lists of the Taylor-expansion coef-
ficients in all the color-channel potentials for the cases of
T = 1.20Tpc and 1.35Tpc. The color-singlet and -octet poten-
tials, VM (M = 1, 8), are C-even and hence real. In actual cal-
culations, these potentials have small imaginary components
(v1(r), v3(r)) coming from numerical errors, but they are not
written here.
Tables VI and VII show data lists of the color-Debye
screening masses as a function of µI/T in all the color chan-
nels at T = 1.20Tpc and 1.35Tpc. Symbols ”· · · ” mean that
the fitting is unstable because the statistical errors of V8 at this
parameter point are quite big in the fit range.
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V1 V8
r/a v0(r/a) v2(r/a) v4(r/a) v0(r/a) v2(r/a) v4(r/a)
1.000 2.0857(10) 0.0492(62) 0.0115(64) 3.4983(34) 0.2481(245) 0.1731(271)
1.414 2.6807(20) 0.0933(115) 0.0329(112) 3.4432(37) 0.2562(246) 0.1675(269)
1.732 2.9364(41) 0.1431(231) 0.0415(247) 3.4281(38) 0.2231(246) 0.1976(269)
2.000 3.0268(23) 0.1661(156) 0.0443(174) 3.4150(34) 0.2546(243) 0.1662(270)
2.236 3.1277(27) 0.2160(169) 0.0401(183) 3.4082(36) 0.2574(245) 0.1604(271)
2.449 3.1980(47) 0.2138(248) 0.0705(248) 3.4040(39) 0.2638(247) 0.1568(273)
2.828 3.2771(39) 0.1983(219) 0.1264(233) 3.3980(36) 0.2564(244) 0.1659(264)
3.000 3.2869(35) 0.2659(227) 0.0711(234) 3.3961(34) 0.2563(230) 0.1669(252)
3.162 3.3101(39) 0.2323(241) 0.1236(266) 3.3960(36) 0.2529(244) 0.1671(271)
3.317 3.3201(39) 0.2567(242) 0.1088(256) 3.3948(35) 0.2518(230) 0.1729(259)
3.464 3.3415(64) 0.2123(363) 0.1612(334) 3.3958(36) 0.2409(247) 0.1811(273)
3.606 3.3485(36) 0.2344(233) 0.1431(249) 3.3940(35) 0.2434(226) 0.1810(249)
3.742 3.3549(42) 0.2397(259) 0.1310(273) 3.3941(34) 0.2426(225) 0.1829(247)
4.000 3.3616(32) 0.2313(237) 0.1664(290) 3.3905(36) 0.2658(242) 0.1555(267)
4.123 3.3656(37) 0.2468(246) 0.1489(281) 3.3925(36) 0.2516(234) 0.1707(262)
4.243 3.3715(37) 0.2512(247) 0.1419(274) 3.3907(35) 0.2545(225) 0.1703(251)
4.359 3.3752(40) 0.2522(215) 0.1384(246) 3.3903(37) 0.2564(239) 0.1680(262)
4.472 3.3748(38) 0.2298(242) 0.1793(259) 3.3900(32) 0.2559(224) 0.1696(257)
4.583 3.3792(39) 0.2361(265) 0.1693(300) 3.3907(35) 0.2598(227) 0.1633(246)
4.690 3.3813(44) 0.2354(276) 0.1611(331) 3.3906(36) 0.2528(230) 0.1712(246)
4.899 3.3781(46) 0.2542(282) 0.1604(314) 3.3904(36) 0.2597(235) 0.1622(260)
5.000 3.3816(29) 0.2511(194) 0.1646(223) 3.3904(35) 0.2515(227) 0.1716(250)
5.099 3.3845(33) 0.2374(215) 0.1709(235) 3.3903(36) 0.2520(227) 0.1725(247)
5.196 3.3870(40) 0.2320(255) 0.1795(278) 3.3889(35) 0.2598(227) 0.1616(249)
5.385 3.3839(36) 0.2517(247) 0.1628(275) 3.3905(35) 0.2479(227) 0.1784(248)
5.477 3.3872(40) 0.2423(276) 0.1698(310) 3.3910(33) 0.2541(230) 0.1698(258)
5.657 3.3836(43) 0.2916(266) 0.1200(307) 3.3922(34) 0.2421(231) 0.1795(257)
5.745 3.3904(30) 0.2319(229) 0.1777(278) 3.3903(35) 0.2543(225) 0.1691(246)
5.831 3.3850(37) 0.2568(243) 0.1651(263) 3.3910(34) 0.2464(221) 0.1761(245)
5.916 3.3853(40) 0.2559(230) 0.1642(234) 3.3903(34) 0.2574(228) 0.1675(254)
6.000 3.3901(37) 0.2481(257) 0.1624(296) 3.3917(35) 0.2479(217) 0.1754(236)
6.083 3.3840(36) 0.2593(242) 0.1648(276) 3.3911(37) 0.2531(232) 0.1677(255)
6.164 3.3881(38) 0.2584(225) 0.1572(234) 3.3911(35) 0.2582(232) 0.1643(251)
6.325 3.3829(36) 0.2690(247) 0.1562(264) 3.3908(35) 0.2600(231) 0.1620(254)
6.403 3.3871(40) 0.2571(255) 0.1661(281) 3.3901(34) 0.2572(226) 0.1649(251)
6.481 3.3839(38) 0.2748(255) 0.1461(293) 3.3884(34) 0.2653(220) 0.1588(238)
6.557 3.3883(43) 0.2481(266) 0.1767(274) 3.3923(35) 0.2473(233) 0.1724(263)
6.633 3.3918(48) 0.2363(320) 0.1997(359) 3.3908(34) 0.2556(229) 0.1629(252)
6.708 3.3858(39) 0.2675(244) 0.1583(266) 3.3893(34) 0.2593(225) 0.1645(251)
6.782 3.3889(31) 0.2608(233) 0.1570(267) 3.3902(34) 0.2533(227) 0.1686(249)
6.928 3.3928(66) 0.2079(424) 0.2015(470) 3.3888(36) 0.2523(242) 0.1772(267)
7.000 3.3887(37) 0.2425(249) 0.1852(284) 3.3905(35) 0.2525(231) 0.1720(254)
7.071 3.3892(36) 0.2474(241) 0.1779(274) 3.3912(34) 0.2486(221) 0.1730(242)
7.141 3.3862(38) 0.2798(267) 0.1477(293) 3.3909(35) 0.2599(226) 0.1610(246)
7.211 3.3901(36) 0.2530(242) 0.1736(279) 3.3897(33) 0.2522(223) 0.1730(256)
7.280 3.3878(35) 0.2642(234) 0.1603(263) 3.3903(35) 0.2539(231) 0.1693(258)
TABLE II: Data list of the Taylor-expansion coefficients of the color-singlet and -octet potential at T = 1.20Tpc as a function of r/a.
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V3∗ V6
r/a v0(r/a) v1(r/a) v2(r/a) v3(r/a) v4(r/a) v0(r/a) v1(r/a) v2(r/a) v3(r/a) v4(r/a)
1.000 2.7543(22) 0.0063(18) 0.1521(130) −0.0126(34) 0.0932(138) 3.6357(36) 0.1021(63) 0.2706(264) 0.0758(96) 0.1848(292)
1.414 3.0433(28) 0.0239(29) 0.1817(176) 0.0070(49) 0.0992(195) 3.5187(40) 0.0949(54) 0.2622(274) 0.0676(89) 0.1888(299)
1.732 3.1706(32) 0.0510(46) 0.1694(170) 0.0013(71) 0.1380(174) 3.4720(40) 0.0880(66) 0.2412(274) 0.0657(114) 0.2013(300)
2.000 3.2127(28) 0.0583(35) 0.2005(185) 0.0025(54) 0.1262(210) 3.4536(36) 0.0821(52) 0.2618(248) 0.0610(84) 0.1792(269)
2.236 3.2626(29) 0.0618(34) 0.2219(193) 0.0151(54) 0.1272(217) 3.4340(37) 0.0779(44) 0.2626(239) 0.0651(65) 0.1733(257)
2.449 3.2954(35) 0.0626(48) 0.2336(216) 0.0272(71) 0.1271(231) 3.4237(40) 0.0752(49) 0.2657(266) 0.0655(69) 0.1671(290)
2.828 3.3316(32) 0.0670(42) 0.2457(221) 0.0408(67) 0.1320(238) 3.4131(39) 0.0751(50) 0.2463(247) 0.0614(69) 0.1837(266)
3.000 3.3378(31) 0.0657(41) 0.2575(203) 0.0450(53) 0.1316(224) 3.4086(36) 0.0788(43) 0.2470(247) 0.0557(68) 0.1822(270)
3.162 3.3511(36) 0.0668(43) 0.2340(221) 0.0425(59) 0.1580(252) 3.4059(38) 0.0746(44) 0.2487(246) 0.0631(62) 0.1743(272)
3.317 3.3553(36) 0.0731(48) 0.2573(231) 0.0384(80) 0.1409(254) 3.4038(37) 0.0717(51) 0.2452(233) 0.0672(75) 0.1839(252)
3.464 3.3624(50) 0.0585(75) 0.2538(312) 0.0629(113) 0.1598(326) 3.4009(36) 0.0766(60) 0.2526(273) 0.0613(95) 0.1702(316)
3.606 3.3687(33) 0.0725(44) 0.2387(221) 0.0449(65) 0.1655(245) 3.3994(37) 0.0742(45) 0.2461(234) 0.0593(66) 0.1801(262)
3.742 3.3709(34) 0.0695(44) 0.2500(222) 0.0482(68) 0.1553(238) 3.3986(35) 0.0744(49) 0.2484(238) 0.0574(74) 0.1815(265)
4.000 3.3756(35) 0.0718(51) 0.2469(235) 0.0539(76) 0.1620(270) 3.3955(37) 0.0729(54) 0.2568(240) 0.0552(86) 0.1666(262)
4.123 3.3768(34) 0.0710(44) 0.2496(229) 0.0518(67) 0.1619(262) 3.3956(36) 0.0767(46) 0.2498(238) 0.0535(69) 0.1761(267)
4.243 3.3818(36) 0.0745(45) 0.2352(231) 0.0452(65) 0.1756(253) 3.3929(36) 0.0756(46) 0.2536(243) 0.0557(69) 0.1730(274)
4.359 3.3787(39) 0.0645(54) 0.2586(255) 0.0570(83) 0.1577(282) 3.3926(35) 0.0741(43) 0.2513(245) 0.0547(74) 0.1732(276)
4.472 3.3829(35) 0.0736(50) 0.2385(232) 0.0533(67) 0.1780(262) 3.3937(34) 0.0714(48) 0.2484(229) 0.0643(67) 0.1801(260)
4.583 3.3819(34) 0.0650(48) 0.2482(231) 0.0639(67) 0.1702(255) 3.3929(36) 0.0710(45) 0.2537(229) 0.0610(62) 0.1707(248)
4.690 3.3864(39) 0.0751(52) 0.2304(249) 0.0474(85) 0.1855(272) 3.3938(37) 0.0752(50) 0.2412(248) 0.0594(75) 0.1842(277)
4.899 3.3836(42) 0.0787(49) 0.2524(259) 0.0465(77) 0.1690(288) 3.3918(36) 0.0738(51) 0.2627(242) 0.0581(78) 0.1550(263)
5.000 3.3859(34) 0.0710(47) 0.2415(226) 0.0579(71) 0.1753(256) 3.3902(35) 0.0745(46) 0.2595(233) 0.0552(68) 0.1649(261)
5.099 3.3857(33) 0.0716(48) 0.2483(218) 0.0575(71) 0.1692(245) 3.3909(36) 0.0722(40) 0.2553(231) 0.0572(64) 0.1691(253)
5.196 3.3872(32) 0.0769(54) 0.2389(205) 0.0529(77) 0.1822(233) 3.3914(35) 0.0753(46) 0.2565(230) 0.0547(73) 0.1644(253)
5.385 3.3862(33) 0.0718(43) 0.2496(225) 0.0583(64) 0.1713(251) 3.3914(34) 0.0749(38) 0.2497(223) 0.0573(59) 0.1735(248)
5.477 3.3890(35) 0.0723(52) 0.2472(223) 0.0595(78) 0.1720(243) 3.3918(34) 0.0746(36) 0.2548(223) 0.0557(56) 0.1688(247)
5.657 3.3889(35) 0.0731(61) 0.2504(230) 0.0534(89) 0.1679(252) 3.3920(36) 0.0744(44) 0.2526(239) 0.0603(71) 0.1681(260)
5.745 3.3890(35) 0.0718(54) 0.2449(228) 0.0571(82) 0.1756(255) 3.3910(36) 0.0753(44) 0.2540(233) 0.0563(67) 0.1688(253)
5.831 3.3889(33) 0.0722(50) 0.2410(226) 0.0584(72) 0.1832(253) 3.3919(35) 0.0737(43) 0.2474(227) 0.0574(68) 0.1737(257)
5.916 3.3876(37) 0.0708(49) 0.2458(217) 0.0620(75) 0.1815(238) 3.3920(35) 0.0749(41) 0.2581(229) 0.0551(64) 0.1636(251)
6.000 3.3883(33) 0.0723(48) 0.2465(223) 0.0579(64) 0.1697(250) 3.3910(35) 0.0739(41) 0.2565(224) 0.0546(65) 0.1675(243)
6.083 3.3899(39) 0.0741(51) 0.2444(237) 0.0535(75) 0.1739(260) 3.3886(35) 0.0743(44) 0.2609(225) 0.0543(65) 0.1618(253)
6.164 3.3883(36) 0.0688(46) 0.2556(215) 0.0651(63) 0.1671(232) 3.3916(36) 0.0762(48) 0.2560(239) 0.0558(73) 0.1645(264)
6.325 3.3882(38) 0.0718(49) 0.2517(238) 0.0628(71) 0.1688(259) 3.3906(36) 0.0733(47) 0.2603(232) 0.0568(71) 0.1606(258)
6.403 3.3896(35) 0.0742(46) 0.2508(229) 0.0551(66) 0.1693(251) 3.3897(34) 0.0743(45) 0.2578(231) 0.0568(66) 0.1647(258)
6.481 3.3866(32) 0.0780(51) 0.2672(214) 0.0532(79) 0.1553(242) 3.3907(35) 0.0732(47) 0.2569(231) 0.0571(69) 0.1673(251)
6.557 3.3893(35) 0.0751(49) 0.2502(223) 0.0597(76) 0.1753(238) 3.3932(38) 0.0789(45) 0.2496(246) 0.0507(74) 0.1686(273)
6.633 3.3931(40) 0.0700(56) 0.2392(239) 0.0612(79) 0.1802(257) 3.3911(32) 0.0746(44) 0.2584(229) 0.0586(62) 0.1600(250)
6.708 3.3881(36) 0.0753(46) 0.2549(235) 0.0541(72) 0.1697(259) 3.3900(33) 0.0713(43) 0.2572(221) 0.0622(64) 0.1662(247)
6.782 3.3902(34) 0.0752(45) 0.2470(212) 0.0546(66) 0.1731(224) 3.3912(37) 0.0734(48) 0.2553(239) 0.0581(65) 0.1661(262)
6.928 3.3894(41) 0.0573(89) 0.2474(273) 0.0741(128) 0.1728(315) 3.3887(39) 0.0738(59) 0.2437(250) 0.0583(83) 0.1889(279)
7.000 3.3898(35) 0.0744(46) 0.2461(219) 0.0524(73) 0.1795(243) 3.3911(37) 0.0741(41) 0.2534(235) 0.0568(64) 0.1703(258)
7.071 3.3905(35) 0.0726(42) 0.2405(220) 0.0574(65) 0.1857(242) 3.3912(35) 0.0739(44) 0.2509(230) 0.0542(64) 0.1709(252)
7.141 3.3888(36) 0.0718(46) 0.2571(224) 0.0576(75) 0.1667(237) 3.3906(34) 0.0680(48) 0.2596(229) 0.0630(69) 0.1614(256)
7.211 3.3914(37) 0.0712(52) 0.2439(236) 0.0552(77) 0.1774(262) 3.3898(33) 0.0740(45) 0.2515(221) 0.0607(63) 0.1732(253)
7.280 3.3913(34) 0.0727(45) 0.2501(226) 0.0588(65) 0.1724(249) 3.3895(35) 0.0710(47) 0.2580(236) 0.0600(68) 0.1665(263)
TABLE III: Data list of the Taylor-expansion coefficients of the color-antitriplet and -sextet potential at T = 1.20Tpc as a function of r/a.
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V1 V8
r/a v0(r/a) v2(r/a) v4(r/a) v0(r/a) v2(r/a) v4(r/a)
1.000 1.9616(10) 0.0394(60) 0.0006(56) 3.2617(32) 0.2334(197) 0.0574(204)
1.414 2.5047(16) 0.0753(99) 0.0051(97) 3.2081(31) 0.2301(201) 0.0521(219)
1.732 2.7321(31) 0.1206(180) −0.0060(177) 3.1879(33) 0.2229(203) 0.0580(207)
2.000 2.8153(21) 0.1170(125) 0.0183(134) 3.1816(29) 0.2127(189) 0.0658(195)
2.236 2.9136(27) 0.1409(151) 0.0146(148) 3.1731(29) 0.2133(188) 0.0639(195)
2.449 2.9716(30) 0.1838(169) −0.0079(166) 3.1666(31) 0.2170(194) 0.0587(203)
2.828 3.0342(33) 0.2115(183) −0.0110(181) 3.1595(33) 0.2228(208) 0.0572(224)
3.000 3.0569(27) 0.2013(148) 0.0089(139) 3.1593(32) 0.2151(200) 0.0615(210)
3.162 3.0732(33) 0.1918(187) 0.0291(178) 3.1577(32) 0.2196(194) 0.0559(203)
3.317 3.0883(36) 0.1976(212) 0.0271(216) 3.1571(29) 0.2161(187) 0.0564(202)
3.464 3.1026(41) 0.2342(275) −0.0253(276) 3.1552(35) 0.2053(213) 0.0744(224)
3.606 3.1109(29) 0.2004(174) 0.0284(167) 3.1537(31) 0.2235(182) 0.0541(188)
3.742 3.1173(37) 0.2072(222) 0.0283(216) 3.1532(32) 0.2192(193) 0.0562(203)
4.000 3.1221(35) 0.2079(222) 0.0373(237) 3.1521(31) 0.2238(189) 0.0518(192)
4.123 3.1300(30) 0.1989(184) 0.0508(185) 3.1515(32) 0.2237(190) 0.0522(197)
4.243 3.1340(34) 0.1926(217) 0.0637(214) 3.1516(32) 0.2312(189) 0.0423(192)
4.359 3.1337(43) 0.2151(252) 0.0368(244) 3.1518(31) 0.2289(184) 0.0433(187)
4.472 3.1388(30) 0.2008(198) 0.0551(211) 3.1522(32) 0.2174(189) 0.0586(190)
4.583 3.1367(36) 0.2123(217) 0.0500(216) 3.1511(32) 0.2231(196) 0.0509(199)
4.690 3.1423(37) 0.2012(231) 0.0592(238) 3.1519(31) 0.2250(189) 0.0474(196)
4.899 3.1425(33) 0.2328(213) 0.0209(223) 3.1512(30) 0.2198(185) 0.0539(195)
5.000 3.1436(32) 0.2183(195) 0.0468(197) 3.1507(31) 0.2237(187) 0.0498(193)
5.099 3.1442(32) 0.2219(203) 0.0436(211) 3.1505(31) 0.2236(185) 0.0511(190)
5.196 3.1482(31) 0.2050(201) 0.0547(209) 3.1517(29) 0.2171(180) 0.0555(188)
5.385 3.1483(35) 0.2179(219) 0.0497(223) 3.1504(30) 0.2221(188) 0.0521(194)
5.477 3.1449(37) 0.2126(222) 0.0606(225) 3.1517(30) 0.2196(186) 0.0536(194)
5.657 3.1499(45) 0.2032(262) 0.0708(260) 3.1498(32) 0.2237(190) 0.0524(200)
5.745 3.1469(35) 0.2163(206) 0.0536(207) 3.1513(30) 0.2198(179) 0.0509(186)
5.831 3.1494(37) 0.2058(229) 0.0630(233) 3.1502(30) 0.2229(182) 0.0507(189)
5.916 3.1502(34) 0.2039(225) 0.0668(229) 3.1503(30) 0.2228(183) 0.0500(197)
6.000 3.1490(30) 0.2245(203) 0.0429(213) 3.1503(30) 0.2179(183) 0.0554(180)
6.083 3.1497(36) 0.2124(220) 0.0547(221) 3.1506(30) 0.2169(185) 0.0587(188)
6.164 3.1512(35) 0.1994(210) 0.0731(216) 3.1503(30) 0.2239(177) 0.0488(180)
6.325 3.1493(34) 0.2156(230) 0.0571(228) 3.1510(29) 0.2205(175) 0.0534(176)
6.403 3.1509(34) 0.2122(217) 0.0621(226) 3.1514(29) 0.2188(181) 0.0535(188)
6.481 3.1462(29) 0.2456(212) 0.0254(232) 3.1519(30) 0.2102(191) 0.0612(203)
6.557 3.1509(30) 0.2149(211) 0.0567(219) 3.1509(30) 0.2098(193) 0.0620(199)
6.633 3.1495(33) 0.2240(225) 0.0508(237) 3.1521(30) 0.2152(186) 0.0544(193)
6.708 3.1512(31) 0.2120(203) 0.0561(218) 3.1509(31) 0.2172(187) 0.0549(194)
6.782 3.1502(37) 0.2148(221) 0.0610(233) 3.1505(30) 0.2249(185) 0.0472(194)
6.928 3.1542(44) 0.1972(294) 0.0681(317) 3.1496(35) 0.2294(204) 0.0403(206)
7.000 3.1524(40) 0.2003(223) 0.0753(227) 3.1506(30) 0.2180(183) 0.0561(190)
7.071 3.1514(31) 0.2189(193) 0.0516(197) 3.1505(31) 0.2174(183) 0.0558(184)
7.141 3.1528(32) 0.2201(203) 0.0447(202) 3.1513(30) 0.2140(178) 0.0596(181)
7.211 3.1493(35) 0.2137(222) 0.0593(235) 3.1520(30) 0.2136(185) 0.0588(192)
7.280 3.1495(34) 0.2204(214) 0.0519(223) 3.1503(30) 0.2205(182) 0.0518(188)
TABLE IV: Data list of the Taylor-expansion coefficients of the color-singlet and -octet potential at T = 1.35Tpc as a function of r/a.
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V3∗ V6
r/a v0(r/a) v1(r/a) v2(r/a) v3(r/a) v4(r/a) v0(r/a) v1(r/a) v2(r/a) v3(r/a) v4(r/a)
1.000 2.5677(17) 0.0054(15) 0.1310(106) −0.0057(24) 0.0270(109) 3.3938(33) 0.0752(55) 0.2486(212) 0.0469(71) 0.0651(215)
1.414 2.8337(21) 0.0220(25) 0.1482(123) 0.0011(36) 0.0318(123) 3.2800(35) 0.0706(48) 0.2498(216) 0.0342(64) 0.0511(230)
1.732 2.9464(26) 0.0352(43) 0.1645(176) 0.0037(63) 0.0320(182) 3.2346(38) 0.0618(43) 0.2255(227) 0.0386(58) 0.0641(218)
2.000 2.9867(23) 0.0343(33) 0.1707(137) 0.0113(45) 0.0352(143) 3.2171(29) 0.0546(36) 0.2279(196) 0.0405(48) 0.0668(203)
2.236 3.0339(27) 0.0397(30) 0.1801(153) 0.0129(42) 0.0373(152) 3.1995(32) 0.0602(40) 0.2213(205) 0.0315(46) 0.0680(217)
2.449 3.0631(26) 0.0454(35) 0.1942(157) 0.0138(52) 0.0322(162) 3.1869(33) 0.0596(41) 0.2209(215) 0.0304(57) 0.0622(224)
2.828 3.0935(31) 0.0474(33) 0.2054(178) 0.0194(46) 0.0325(176) 3.1723(33) 0.0636(43) 0.2299(201) 0.0248(55) 0.0562(217)
3.000 3.1054(29) 0.0519(32) 0.2005(169) 0.0177(46) 0.0384(161) 3.1691(33) 0.0606(40) 0.2228(204) 0.0283(52) 0.0606(220)
3.162 3.1134(29) 0.0491(34) 0.2040(175) 0.0216(44) 0.0425(177) 3.1659(31) 0.0593(36) 0.2269(190) 0.0283(46) 0.0532(200)
3.317 3.1205(29) 0.0530(39) 0.2001(180) 0.0166(51) 0.0464(189) 3.1637(30) 0.0604(38) 0.2190(191) 0.0251(53) 0.0621(207)
3.464 3.1264(35) 0.0619(45) 0.2109(218) 0.0088(66) 0.0353(211) 3.1600(33) 0.0634(47) 0.2212(202) 0.0217(58) 0.0618(221)
3.606 3.1305(30) 0.0543(35) 0.2106(174) 0.0196(44) 0.0443(172) 3.1586(32) 0.0591(36) 0.2193(193) 0.0280(46) 0.0620(197)
3.742 3.1329(31) 0.0572(33) 0.2055(186) 0.0167(46) 0.0516(181) 3.1565(32) 0.0552(38) 0.2318(200) 0.0331(48) 0.0468(217)
4.000 3.1370(29) 0.0541(41) 0.2117(180) 0.0252(60) 0.0487(193) 3.1554(31) 0.0582(30) 0.2279(192) 0.0275(42) 0.0496(201)
4.123 3.1398(31) 0.0532(32) 0.2092(182) 0.0259(46) 0.0529(182) 3.1535(31) 0.0581(33) 0.2294(189) 0.0269(43) 0.0499(195)
4.243 3.1427(33) 0.0545(32) 0.1998(196) 0.0227(48) 0.0654(193) 3.1541(32) 0.0560(34) 0.2305(191) 0.0288(44) 0.0458(192)
4.359 3.1431(31) 0.0596(33) 0.2169(185) 0.0191(50) 0.0433(183) 3.1542(32) 0.0569(35) 0.2295(183) 0.0283(46) 0.0456(192)
4.472 3.1441(30) 0.0510(36) 0.2080(178) 0.0309(50) 0.0594(180) 3.1531(29) 0.0581(36) 0.2227(181) 0.0252(49) 0.0540(182)
4.583 3.1437(31) 0.0549(34) 0.2176(192) 0.0241(54) 0.0483(194) 3.1529(31) 0.0558(31) 0.2250(187) 0.0275(44) 0.0494(193)
4.690 3.1467(30) 0.0589(33) 0.2230(182) 0.0213(49) 0.0409(187) 3.1521(32) 0.0624(32) 0.2332(188) 0.0196(51) 0.0412(196)
4.899 3.1468(33) 0.0575(37) 0.2276(194) 0.0199(57) 0.0349(194) 3.1521(31) 0.0589(40) 0.2223(188) 0.0243(55) 0.0526(198)
5.000 3.1489(31) 0.0599(37) 0.2112(188) 0.0208(52) 0.0563(188) 3.1511(32) 0.0564(31) 0.2270(189) 0.0281(39) 0.0468(193)
5.099 3.1483(31) 0.0580(35) 0.2157(188) 0.0224(51) 0.0531(187) 3.1509(31) 0.0591(31) 0.2285(184) 0.0225(44) 0.0467(189)
5.196 3.1484(30) 0.0556(35) 0.2138(194) 0.0267(51) 0.0558(206) 3.1513(30) 0.0598(35) 0.2222(178) 0.0201(49) 0.0540(181)
5.385 3.1485(31) 0.0553(36) 0.2201(197) 0.0264(50) 0.0504(199) 3.1514(30) 0.0571(33) 0.2202(182) 0.0248(48) 0.0534(187)
5.477 3.1486(30) 0.0563(34) 0.2208(193) 0.0242(47) 0.0506(211) 3.1526(29) 0.0616(34) 0.2136(180) 0.0181(50) 0.0614(181)
5.657 3.1493(37) 0.0682(43) 0.2074(222) 0.0126(63) 0.0673(218) 3.1500(32) 0.0562(30) 0.2292(191) 0.0267(47) 0.0469(200)
5.745 3.1486(31) 0.0590(32) 0.2297(189) 0.0250(41) 0.0401(196) 3.1516(31) 0.0570(34) 0.2187(184) 0.0255(44) 0.0539(190)
5.831 3.1501(32) 0.0582(37) 0.2158(200) 0.0247(46) 0.0552(203) 3.1500(30) 0.0557(31) 0.2260(183) 0.0282(45) 0.0478(188)
5.916 3.1492(30) 0.0610(37) 0.2154(191) 0.0197(48) 0.0592(203) 3.1497(29) 0.0584(34) 0.2239(179) 0.0240(50) 0.0492(188)
6.000 3.1499(28) 0.0598(38) 0.2176(184) 0.0206(52) 0.0524(189) 3.1502(32) 0.0565(33) 0.2224(189) 0.0272(44) 0.0490(188)
6.083 3.1507(29) 0.0612(39) 0.2080(193) 0.0193(58) 0.0643(204) 3.1500(31) 0.0551(31) 0.2225(184) 0.0273(43) 0.0535(185)
6.164 3.1503(30) 0.0610(38) 0.2177(183) 0.0212(51) 0.0550(187) 3.1501(30) 0.0551(34) 0.2237(180) 0.0262(46) 0.0498(184)
6.325 3.1510(31) 0.0532(41) 0.2116(197) 0.0237(56) 0.0623(203) 3.1507(29) 0.0556(34) 0.2245(175) 0.0290(46) 0.0500(179)
6.403 3.1511(30) 0.0586(36) 0.2171(190) 0.0235(47) 0.0548(196) 3.1509(29) 0.0559(31) 0.2255(181) 0.0273(42) 0.0469(190)
6.481 3.1498(31) 0.0554(37) 0.2251(193) 0.0291(54) 0.0456(203) 3.1509(31) 0.0559(33) 0.2169(194) 0.0273(45) 0.0532(200)
6.557 3.1509(25) 0.0601(41) 0.2105(175) 0.0200(57) 0.0619(176) 3.1512(30) 0.0520(36) 0.2112(185) 0.0320(49) 0.0600(191)
6.633 3.1509(29) 0.0610(48) 0.2158(186) 0.0169(67) 0.0576(188) 3.1518(31) 0.0575(33) 0.2117(189) 0.0235(38) 0.0598(198)
6.708 3.1515(30) 0.0579(37) 0.2140(186) 0.0223(48) 0.0568(198) 3.1512(30) 0.0566(31) 0.2161(183) 0.0261(42) 0.0554(192)
6.782 3.1500(31) 0.0580(33) 0.2198(191) 0.0238(43) 0.0553(206) 3.1503(31) 0.0589(34) 0.2265(185) 0.0227(42) 0.0447(194)
6.928 3.1532(37) 0.0642(58) 0.2153(225) 0.0115(87) 0.0555(212) 3.1475(34) 0.0560(47) 0.2324(212) 0.0226(67) 0.0382(230)
7.000 3.1505(31) 0.0590(38) 0.2192(189) 0.0215(54) 0.0558(195) 3.1517(30) 0.0539(33) 0.2119(187) 0.0302(42) 0.0615(196)
7.071 3.1509(30) 0.0592(35) 0.2172(187) 0.0222(50) 0.0542(187) 3.1504(31) 0.0550(29) 0.2205(184) 0.0283(40) 0.0521(187)
7.141 3.1512(32) 0.0615(41) 0.2216(200) 0.0199(54) 0.0484(204) 3.1511(29) 0.0572(34) 0.2165(175) 0.0261(45) 0.0559(181)
7.211 3.1502(31) 0.0563(39) 0.2197(194) 0.0266(49) 0.0497(204) 3.1521(30) 0.0524(29) 0.2148(184) 0.0295(40) 0.0581(192)
7.280 3.1501(30) 0.0594(36) 0.2219(187) 0.0204(49) 0.0510(198) 3.1503(30) 0.0563(29) 0.2249(182) 0.0267(39) 0.0472(186)
TABLE V: Data list of the Taylor-expansion coefficients of the color-antitriplet and -sextet potential at T = 1.35Tpc as a function of r/a.
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mD/T
µI/T 1 8 3
∗ 6
0.0 3.27(74) 5.60(359) 3.61(89) 3.43(149)
0.1 5.30(84) · · · 3.79(67) 7.01(234)
0.2 6.63(91) 3.02(298) 4.27(73) 3.77(151)
0.3 3.88(82) · · · 4.49(80) 6.94(303)
0.4 4.43(80) 4.21(249) 3.52(106) 5.86(195)
0.5 3.56(84) · · · 5.02(97) 7.21(285)
0.6 3.81(61) · · · 2.60(70) 6.06(176)
0.7 3.62(61) · · · 3.19(82) 4.90(153)
0.8 3.27(62) · · · 2.76(84) 4.50(162)
0.9 3.57(54) 5.86(448) 3.26(78) 2.98(130)
1.0 3.54(55) · · · 3.83(79) 4.78(141)
TABLE VI: Data list of the color-Debye screening
masses in all the color channels at T = 1.20Tpc as a
function of µI/T .
mD/T
µI/T 1 8 3
∗ 6
0.0 3.98(68) 8.74(342) 3.76(68) 5.68(137)
0.1 4.61(65) · · · 4.40(60) 3.18(120)
0.2 4.34(59) 3.18(166) 4.39(77) 3.24(119)
0.3 3.37(50) 3.47(176) 4.42(66) 3.67(97)
0.4 3.90(57) 3.89(242) 4.10(56) 2.33(112)
0.5 4.36(67) 2.25(213) 4.76(67) 5.07(124)
0.6 2.71(61) 5.93(279) 2.98(62) 4.86(138)
0.7 3.45(42) · · · 2.84(56) 1.36(100)
0.8 3.49(51) · · · 3.99(64) 1.31(102)
0.9 4.09(58) 2.19(192) 4.19(65) 4.35(91)
1.0 3.36(36) 3.61(160) 3.63(45) 2.58(60)
TABLE VII: Data list of the color-Debye screening
masses in all the color channels at T = 1.35Tpc as a
function of µI/T .
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